Introduction
Squamous cell carcinoma (SCC) accounts for 10-15% of all skin tumors in cats. 1, 2 It occurs most commonly on the sparsely haired non-pigmented skin of the pinnae, eyelids and nasal planum in older cats (mean age 12 years). 2 The proposed pathogenesis involves chronic ultraviolet (UV) light exposure and subsequent keratinocyte damage that progresses from benign actinic keratosis to noninvasive malignant SCC confined to the epidermis, or to invasive, and rarely metastatic, SCC. 3 Lesions usually begin with erythema and scale, or crusted erosions, that can progress to severe ulcerations or proliferative plaques and nodules. 4 A non-UV light-induced form of SCC, SCC in situ, is also recognized in cats. SCC in situ (also called Bowenoid carcinoma in situ or Bowen's disease) is confined to the epidermal and follicular epithelium without invasion of the dermis. 5 The purpose of this case report is to describe a cat with an atypical clinical and histologic presentation of cutaneous SCC.
Case description
A 9-year-old spayed female domestic shorthair cat was examined for a 3 month history of firm swelling of the right upper lip (Figure 1 ). The lesion was reported to be not painful or pruritic. Previous diagnostics included fine-needle aspiration, impression cytology and trichogram; no definitive diagnosis was made. Serum chemistry, complete blood count and total thyroxine tests were within the reference intervals (RIs) 2 months prior to Cutaneous squamous cell carcinoma manifesting as follicular isthmus cysts in a cat Elizabeth A Layne 1 and Melissa Graham 2
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Case summary A 9-year-old spayed female domestic shorthair cat was examined for swelling of the right upper lip. The cat had been receiving oral ciclosporin A for eosinophilic plaques. The swelling appeared clinically and cytologically consistent with an abscess; exudate was cultured and treatment consisted of antibiotic therapy and surgical curettage. Five months of antibiotic therapy with three separate surgical treatments resulted in minimal improvement; three separate biopsy samples demonstrated epithelial cysts with severe dermal inflammation. Swelling and drainage of purulent material from the affected lip persisted and progressed to involve the left upper lip. Euthanasia was elected 13 months after initial examination due to disease progression. On necropsy, histopathology demonstrated multiple isthmus cysts intermixed with squamous cell carcinoma (SCC).
Relevance and novel information
The clinical and histopathologic features were unusual for feline cutaneous SCC. The cystic nature and lack of epidermal involvement suggest the tumor arose from non-epidermal squamous cells such as follicular isthmus or ductal epithelium. There is a pattern of SCC recognized in human renal transplant patients with features of epidermal inclusion cysts. These features have not been previously reported in SCC from a cat.
referral examination. The cat had been receiving ciclosporin A modified (Atopica for Cats; Novartis) 2 mg/kg q48h for eosinophilic plaques in the inguinal region diagnosed 2 years prior via biopsy performed by a board-certified veterinary dermatologist. Those lesions were in remission at the time of referral examination. The cat was acquired as a stray kitten and lived exclusively indoors in a multi-cat household. There was no history of trauma and no other cats had skin abnormalities. The cat was fed a commercial prescription urinary health diet, owing to another cat's medical needs.
On physical examination the sole abnormality was a 2 cm × 3 cm firm swelling of the right upper lip adjacent to the nasal philtrum; the overlying skin was moderately erythematous with two patches of yellow serocellular crusts. Copious yellow purulent fluid was easily expressed from beneath the crusts and through a draining tract on the buccal mucosal side of the lip. Cytological examination of this fluid revealed neutrophils, macrophages, lymphocytes and intracytoplasmic coccoid bacteria that were too numerous to count. Wood's lamp and trichogram were negative for dermatophyte fluorescence and Demodex species mites, respectively. A presumptive diagnosis of abscess was made; a swab of the purulent fluid was submitted for aerobic bacterial culture and susceptibility. Pasteurella multocida and coagulase negative Staphylococcus species were isolated, which are normal flora of the feline oral cavity and skin. 6, 7 Based on broad antibiotic susceptibility, cefovecin (Convenia; Zoetis) was administered 8 mg/kg by subcutaneous injection in two doses, 2 weeks apart. There was concern that immunosuppression might have been preventing resolution of the abscess so ciclosporin administration was decreased to every third day.
At follow-up examination 4 weeks later there was a noticeable reduction in swelling size and overlying skin erythema; however, purulent fluid could still be expressed from the lesion. A third cefovecin injection was administered and surgical curettage of the region was recommended, owing to suspicion of a foreign body (eg, cat claw, whisker fragment) perpetuating the abscess.
Surgical exploration under general anesthesia was performed by the referring veterinarian; it did not reveal a focus of fluid for drainage. A 2 mm punch biopsy of the affected area was obtained and cefovecin injection repeated (culture was not repeated). Histopathology revealed moderate-to-severe chronic perivascular to interstitial lymphoplasmacytic and mastocytic dermatitis. No evidence of neoplasia, foreign material or etiologic agents was detected. These findings supported the presumptive diagnosis of a chronic abscess or cellulitis. A more aggressive surgical approach was recommended but declined. The site was treated with warm compresses daily followed by manual expression of the fluid and a 6 week course of cefovecin.
At month 4 after initial referral presentation oral radiographs and a dental prophylaxis were performed by a second primary care veterinarian. The right upper lip lesion was unchanged, with purulent fluid easily expressed from multiple draining tracts. Surgical exploration under general anesthesia from the buccal mucosal surface was performed and, again, no foreign body or focus of purulent fluid was found. Histologic examination of a wedge tissue biopsy specimen from the buccal mucosal surface revealed multiple epithelial cysts with focal neutrophilic inflammation and mild-to-moderate interstitial lymphoplasmacytic inflammation. This was an unusual finding as the cystic structures did not appear to be hair follicles (ie, devoid of hair shafts and adnexae). It was hypothesized that a low-grade bacterial infection was the cause of intraluminal cystic neutrophilic inflammation. The working diagnosis was changed from abscess or cellulitis to epithelial cysts with secondary infection. Complete resection of the area was recommended to remove all affected tissue. Further treatment was declined at that time. Oral ciclosporin was discontinued for several reasons: the original eosinophilic lesions were resolved and in remission for >6 months, the cat was resisting medication administration, presumably because of facial pain, and although the dose was low, ciclosporin is an immunosuppressive drug which might have contributed to delayed resolution of infection.
Nine months after initial presentation the right upper lip swelling had continued to enlarge with severe exudation and crusting (Figure 2 ). General anesthesia was induced to facilitate wide excision of the affected skin and closure with an advancement flap (Figure 3 multiple cysts lined by keratinizing stratified squamous epithelium containing laminated keratin, basophilic debris, individual keratinocytes, and lymphocytes and plasma cells (Figure 4 ). There was follicular displacement and rupture in some sites with associated severe neutrophilic inflammation. These findings were consistent with the previous biopsy; it was hoped that surgical resection had removed all of the cystic tissue. No etiology for epithelial cyst development was evident.
Eleven months after initial presentation and 2 months after wide surgical excision the cat was examined for swelling of the left upper lip. The previously affected right upper lip surgical site appeared to have healed normally; the left upper lip adjacent to the nasal philtrum was mildly thickened, with a 2 mm focus of purulent exudate. Cytologic examination of exudate revealed neutrophils and coccoid bacteria that were too numerous to count; bacterial culture and susceptibility was obtained. It was hypothesized that the cause of this swelling and purulent exudate was an abscess due to lower left canine tooth impingement on the left upper lip from altered anatomy caused by previous dental procedures and the facial advancement flap surgery. Multidrug resistant methicillin-resistant Staphylococcus pseudintermedius was isolated; chloramphenicol oral suspension 20 mg/kg q12h was prescribed for 30 days. Dental surgery was performed to correct the impingement. Oral administration of injectable buprenorphine solution 0.02 mg/kg q8h 5 days was used for analgesia.
Two months after the dental procedure and 13 months after initial examination the left upper lip swelling had continued to enlarge, without response to chloramphenicol and dental surgery. The previously excised right upper lip area had also developed new swelling and erosions. Copious serous discharge from the left eye was also present. The lip swelling resulted in deviation of the nasal planum ( Figure 5 ). The cat had lost 1 kg of body weight in the previous 2 months. Hyperglobulinemia (5.9 g/dl; RI 2.3-3.8 g/dl) and hypernatremia (159 mmol/l; RI 148-157 mmol/l) were detected by serum chemistry (Ortho Clinical Diagnostics; model VITROS 5,1 FS). These abnormalities were attributed to chronic inflammation and infection of epithelial cysts and decreased water intake, respectively. Thoracic radiographs revealed mild cardiomegaly with no evidence of pulmonary metastatic disease. A computed tomography scan of the skull demonstrated moderate-to-marked thickening of nasal subcutaneous tissues and labial and buccal soft tissues with heterogeneous contrast enhancement. Areas of hypoattenuation without contrast enhancement were present centrally in the nasal subcutaneous tissues. No discrete mass, bony lysis or obvious neoplastic process was evident, though cystic areas were identified. There was moderate-tomarked enlargement of the mandibular and retropharyngeal lymph nodes. Owing to disease progression with no definitive diagnosis euthanasia was elected.
Gross necropsy findings were consistent with clinical and radiological findings. Locally extensive subcutaneous swelling of both sides of the upper lip with exudate consistent with an abscess was the major gross abnormality of the skin. Histopathology of the affected skin again revealed epithelial cysts. These were numerous and variably sized, replacing the dermis and extending to and invading underlying skeletal muscle. The cysts were lined by 1-6 cell layers of stratified squamous keratinizing epithelium lacking a distinct granular layer. The cysts contained variable numbers of neutrophils, amphophilic globular-to-lamellar material, well-differentiated squamous epithelial cells and basophilic granular material consistent with mineralization. The lack of keratohyalin granules and well-differentiated squamous cells suggested these were follicular isthmus cysts.
In addition to the cysts, there were numerous nests and nodules composed of neoplastic polygonal cells demonstrating aberrant keratinocyte differentiation, moderate anisocytosis and anisokaryosis, and necrosis.
Some of these nodules formed keratin pearls. These features were compatible with SCC ( Figure 6 ). Both cysts and neoplastic nodules were surround by desmoplasia and fibrosis. There was marked lymphoplasmacytic, neutrophilic and mastocytic dermatitis and myositis. The overlying epidermis was focally acanthotic and had orthokeratotic hyperkeratosis with few intracorneal pustules. There were no features of cytologic atypia typically associated with SCC in the overlying epidermis. Regional lymph nodes, while enlarged, demonstrated no evidence of metastasis; enlargement was attributed to lymphoid hyperplasia and suppurative lymphadenitis. No evidence of metastatic SCC was detected in the lungs, liver, heart or kidneys.
Discussion
To our knowledge, this is the first published report of feline SCC arising from non-epidermal squamous epithelium with a cystic presentation. One veterinary case report describes draining tracts associated with SCC; however, the epidermis was affected in the usual pattern. 8 There is also anecdotal mention of rare SCC cases arising from follicular cysts without epidermal involvement. 9 Physician dermatopathologists have reported on a rare subset of SCC termed infundibular or infundibulocystic SCC. 10, 11 In some of these cases the overlying epidermis was not affected. 10 It is recognized that human and feline renal transplant patients are predisposed to the development of certain neoplasms, including SCC. 12, 13 A subset of those tumors in people has been described, with unique features including epidermal inclusion cyst-like structures. 13 The pathogenesis of neoplasia in transplant patients is not clear. Theories include chronic immunosuppression leading to decreased immune surveillance and destruction of early malignant cells, increased susceptibility to infection and direct effects on T cells. 12 The cat in this report was receiving ciclosporin for eosinophilic dermatitis. The dose and frequency were lower than that used for post-transplant therapy; however, it is impossible to know if ciclosporin therapy contributed to the development of this unusual variant of SCC.
The involvement of feline papillomavirus (Felis catus papillomavirus [FcaPV]) would have been worth considering in this case. FcaPV has recently been causally linked to Bowenoid carcinoma in situ, and there is increasing evidence for involvement with non-UVinduced SCC. 14 Viral cytopathology was not detected in the tissues examined in this report; however, neither immunohistochemical nor molecular techniques were available for further examination.
Feline immunodeficiency virus (FIV) and feline leukemia virus (FeLV) infections have been reported in association with SCC, specifically Bowenoid carcinoma in situ. 5, 9 The FIV and FeLV status of this cat was 
Conclusions
This report describes the clinical and histopathologic findings of an unusual case of feline cutaneous SCC. While the common presentation of feline cutaneous SCC is well recognized in the veterinary literature, it can manifest in an atypical manner. While cytologic evidence typical of neoplasia may not be noted on histopathology, invasive morphology with lack of response to rational therapy should prompt reconsideration of all differential diagnoses.
